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Schematic sketch of a punched shim saddle (one of a set)

FIG. 1
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1
MRIS SHIM COIL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a division of U.S. Ser. No. 10/812,917
filed Mar. 31, 2004 (now. U.S. Pat. No. 7,657,993), which
claimed priority based on United Kingdom Application No.
03077294 filed Apr. 3, 2003, the entire contents of both of
which are hereby incorporated by reference.

BACKGROUND

1. Technical Field

This invention relates to the manufacture of coils for use in
magnetic resonance imaging spectroscopy (MRIS).

2. Related Art

Magnetic resonance imaging and spectroscopy (MRIS)
systems generally comprise a plurality of cylindrical concen-
tric coils that are located around a region within which a
patient can be located. The coils include an outermost DC coil
that is used to provide a strong constant magnetic field, an
inner radio frequency (RF) coil arrangement that is arranged
concentrically within the DC coil and a gradient coil assem-
bly that is located between the RF coil and the outer DC coil.
The gradient coil assembly is arranged to generate a time-
varying audio frequency magnetic field that causes the
response frequency of the nuclei of the patient to depend upon
their positions within the field. The coils that generate the
strong constant magnetic field are generally superconducting
coils. The presence of a patient in the magnetic field may
distort the main magnetic field, making it insufficiently uni-
form for imaging or spectroscopic measurements. A known
way of counteracting this effect is by providing multi-turn
electrical windings known as shim coils and driving DC elec-
trical currents through those windings. A typical high perfor-
mance MRIS system may contain eight to twelve shim coils,
each of which is arranged to correct an inhomogeneity with a
particular spatial form. The shim coils can also be used to
correct intrinsic inhomogeneities of the superconductive
magnet itself.

It is common practice to incorporate shim coils within the
structure of the actively shielded gradient coil assemblies that
are switched rapidly on and off in a precisely timed sequence
to generate MR images. The gradient sequence contains a
range of frequencies from zero to 10 kHz or more and this is
often referred to as “audio frequency”.

Magnets with different geometries are currently being
developed and these include what are known as open magnets
with bi-planar gradient and shim assemblies. The present
invention is applicable equally to these new geometries.

Shim coils can be divided into two classes. The first class is
made up of axial shim coils that comprise a series of complete
circular turns and that generate axisymmetric field compo-
nents. The second class is known as transverse shim coils and
these include multiple saddle coils that are typically disposed
symmetrically on the surface of a cylinder or some other
surface. Depending upon the field component to be corrected,
a transverse shim can typically comprise two, four, six, eight
or twelve saddles connected in series with successive saddles
having alternating signs as shown, for example, in FIG. 2 of
the drawings.

A number of methods are known for fabricating shim coils.
These include photo-etching and winding using an insulated
conductor. The present invention is concerned with an
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improved method for fabricating shim coils that is applicable
not only to saddle-type arrangements, but also to axial shim
coils.

BRIEF SUMMARY

According to the present invention, there is provided a
method of forming an electrical coil that comprises forming
the required coil pattern in a sheet of electrically conductive
material by cutting or punching. The pattern may be punched
from the sheet using a CNC punching or stamping machine.
Alternatively, the pattern may be cut using a laser or a water
jet. The resulting coil may be a shim coil for use in an MRIS
apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described now by way of example
only with particular reference to the accompanying drawings,
wherein:

FIG. 1is a schematic view of a shim saddle coil formed by
the method in accordance with the present invention;

FIG. 2 illustrates how shim saddle coils are arranged in an
MRIS apparatus;

FIG. 3 illustrates how an axial shim coil can be made; and

FIG. 4 illustrates the formation of an anti-symmetric shim
coil.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

A method of forming a shim coil in accordance with one
embodiment of the present invention comprises the following
steps. A sheet of solid conductor is partially cut to form the
conductor pattern shown generally in FIG. 1 of the drawings.
This cutting is carried out in such a way that bridges or narrow
joints are left periodically between the conductive elements
(10) for support. The cutting process can be carried out by a
variety of techniques that include punching, water-jet cutting
or laser cutting. In the case of punching, the operation can be
carried out using a CNC machine.

The next step in the process is to stick the partially cut
pattern onto an insulating backing material. After this step,
the bridges or joining portions are cut away in a second
cutting operation. Then a further backing layer is added in
order to insulate the holes that are formed during the cutting
operation that removes the bridges. Finally, the pattern is
rolled where necessary prior to assembly and connection.

In order to form an axial shim coil, a series of discontinu-
ous arcs can be punched in a sheet of conductive material
(FIG. 3). The discontinuous arcs can include the bridges
referred to above with reference to FIG. 1. The sheet is then
rolled so that opposite ends are adjacent and continuous arcs
are formed. The opposite ends can be folded about fold lines
(12) so that they are juxtaposed in a radial direction. The coil
is then located in an MRIS apparatus and electrical connec-
tions move to join the juxtaposed end portions.

Anti-symmetric shim coils can also be formed as shown in
FIG. 4. A saddle coil is punched from a sheet of conductive
material, the saddle extending over more than a circumfer-
ence. This gives an overlap area (14) where axial circuits are
cancelled.

In comparison to coils that are hand-wound from insulated
strips, the method described above has the following advan-
tages:

1. Repeatability;

2. Accuracy;
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3. Correspondence with theoretical design—no rounding
of the corners of a saddle during winding;

4. Reduced labor and skill;

5. Improved structural adhesion compared to an insulated
conductor; and

6. Comparable mean current density when all forms of
insulation are taken into account.

In comparison to the prior art technique of photo-etching of
coils, the above-described method has the following advan-
tages:

1. Reduced cost;

2. It is readily scalable to large currents typically of 1 to 10
amps; and

3. Increased mean current density when all forms of insu-
lation are taken into account.

What is claimed is:

1. An electrical MRIS shim coil comprising:

an MRIS shim coil pattern punched from a sheet of elec-
trically conductive material; and

the punched pattern of conductive material being attached
to an insulating substrate in forming a finished MRIS
shim coil,

wherein the punched pattern initially includes bridging
portions between lengths of conductive material in the
punched pattern. the lengths forming coil conductors in
the finished MRIS shim coil;

said bridging portions being removed after attachment of
the punched pattern to the substrate.

2. An electrical MRIS shim coil comprising:

plural adjacently positioned MRIS shim coil windings cre-
ated by punch-cutting a continuous sheet of electrically
conductive material along spaced apart paths and
removing cut-away material along said paths to leave
space therealong; and

remaining portions of the conductive material being sub-
sequently affixed to an insulating substrate,

wherein said punch-cutting comprises:

a first punch-cutting step wherein plural spaced-apart
bridges of material are left along the cutting paths to
physically maintain adjacent as-cut positions of conduc-
tive MRIS shim coil windings while said insulating sub-
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strate is adhered thereto, followed by a second cutting
step wherein said spaced-apart bridges are cut off to
completely form an electrical separation between the
adjacent MRIS shim coil windings thus formed.

3. An electrical MRIS shim coil as in claim 2, wherein said
punch-cutting creates one continuous spiral cut path in said
continuous sheet of electrically conductive material.

4. An electrical MRIS shim coil as in claim 2, wherein said
punch-cutting creates plural parallel cut paths in said continu-
ous sheet of electrically conductive material to create oppos-
ing ends that are bent and electrically connected by forming
the remaining portions of conductive material, and the sup-
porting insulating substrate, into a closed shape.

5. An electrical MRIS shim coil as in claim 2, wherein said
continuous sheet of electrically conductive material includes
one continuous spiral cut path as a result of the punch-cutting.

6. An electrical MRIS shim coil as in claim 2, wherein said
continuous sheet of electrically conductive material includes
plural parallel cut paths as a result of the punch-cutting, and
wherein opposing ends are bent and electrically connected by
forming the remaining portions of conductive material, and
the supporting insulating substrate, into a closed shape.

7. An electrical MRIS shim coil punch-cut from a sheet of
electrically conductive material and including plural adja-
cently positioned MRIS shim coil windings along spaced
apart paths,

wherein plural spaced-apart bridges of material are remov-

able from cutting paths after the punch-cut sheet is con-
nected to an insulating substrate.

8. An electrical MRIS shim coil as in claim 7, wherein the
bridges are formed via the initial punch-cutting.

9. An electrical MRIS shim coil, comprising:

an insulating substrate;

an electrical MRIS shim coil pattern connected to the insu-

lating substrate, the electrical MRIS shim coil pattern
being punch-cut from a sheet of electrically conductive
material so as to initially include removable bridging
portions between lengths of conductive material in the
pattern, the removable bridging portions being removed
following connection to the substrate.
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